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0003-3472 2010 The Association for the Study of A
doi:10.1016/j.anbehav.2010.11.020Social insects use cuticular lipids for nestmate recognition. These lipids are chieﬂy hydrocarbons that can
be endogenously produced or acquired from the environment. Although these compounds are already
described as coming from different sources for different groups of social insects, nothing is known about
the source of cuticular hydrocarbons in stingless bees. We used behavioural recognition tests and cuticle
chemical investigation to elucidate the role of endogenous and environmentally based cues for nestmate
recognition in the stingless bee Frieseomelitta varia. We found that although newly emerged workers
present speciﬁc cuticle patterns according to their nest origin, these compounds are not used for nest-
mate recognition, since newly emerged workers are broadly accepted in different colonies. The cerumen
used in nest construction played an important role in recognition behaviour. Twenty minutes of contact
with foreign cerumen was sufﬁcient to increase the rejection rates of nestmates and separate the groups
of workers according to their chemical proﬁle. On the other hand, tests of feeding on a common diet
showed no effect on chemical cuticle pattern or recognition behaviour.
 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd.
Open access under the Elsevier OA license.Communication between individuals is an essential element of
social organization. That communication can be through any or all of
the senses. Chemical communication by odour is most highly
evolved in social insects, and is probably their most important route
of communication. One of the requirements of social organization is
the recognition of nestmates and distinguishing them from non-
nestmates. Stingless bees, like other social insects, are able to
distinguish between nestmates and non-nestmates (Nunes et al.
2008) by chemical cues present on their cuticle. Each individual in
a colony presents a blend of compounds on its cuticle that may also
carry information regarding its sex, age, caste, group task as well as
colony (Howard & Blomquist 2005). In recognition procedures, one
individual (evaluator) compares the chemical label of a newly pre-
sented individual (cue-bearer) with some kind of internal template.
The evaluator can learnwhich cues to recognize by prior associations
with frequently encountered individuals. The template can also
come from phenotype matching, in which the evaluator uses the
cues learned from other individuals. An additional option is
the recognition behaviour ruled by genetic basis. In this system, the
phenotypic cues are the result of genetic expression. The same geneslosoﬁa Ciências e Letras de
Bandeirantes, 3900, Ribeirão
nimal Behaviour. Published by Elsresponsible for producing the cues in the cue-bearer would be
responsible for producing a recognition ability of such cue in the
evaluator (D’Ettorre & Lenoir 2010). Similarities between label and
template result in acceptance behaviour, while differences in these
factors result in rejection, although acceptance and rejection errors
may occasionally occur (Sherman et al. 1997).
Recently, the cuticular labels of stingless bee species have been
the focus of several investigations. The cuticle of stingless bees, as in
other social insects, is a rich source of information that is important
for the regulation of their society (Pianaro et al. 2007, 2009; Nunes
et al. 2008, 2009a, b). Nunes et al. (2009b) described qualitative
and quantitative differences in the chemical composition of cuticular
lipids between males and workers of the stingless bee Frieseomelitta
varia. Similar differences were described for young and old indi-
viduals of both sexes. Yet, fertile laying queens of this species pre-
sented a completely different composition in their cuticle compared
to workers (Nunes et al. 2009b). The composition of cuticular
hydrocarbons showed a strong correlation with behaviour in this
species, suggesting a direct relationship between cuticular labels and
discriminatory behaviour. For F. varia, non-nestmates with similar
cuticle labels to a foreign colony are more likely to be accepted into
that foreign colony than individuals with divergent cuticular
hydrocarbon composition (Nunes et al. 2008).
Individuals of the sweat bee Lasioglossum zephyrum are able to
discriminate between more or less genetically related individuals,
with rising acceptance rates as the genetic relationship risesevier Ltd. Open access under the Elsevier OA license.
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mentally acquired cues can also be important in recognition
behaviour. According to Downs & Ratnieks (1999), environmentally
acquired cues can even exceed the effect of endogenously produced
ones, and be fundamental in nestmate recognition. Exogenously
acquired recognition cues may come from many different sources.
The Argentine ant Linepithema humile can incorporate into its
cuticle single compounds from its diet, which are used for nestmate
discrimination (Liang & Silverman 2000). Materials used in nest
construction may also provide recognition cues for bees and wasps.
In honeybees, wax is probably the most important contribution to
cuticle label. Breed et al. (1995) found that 5 min of contact with
wax from a different nest resulted in a signiﬁcant rise in rejection
rates of contaminated individuals by nestmates. Exchange of comb
wax between two colonies signiﬁcantly raised acceptation rates of
workers between nests. Moreover, chemical analyses revealed that
after comb wax was exchanged between colonies, the cuticular
lipid composition of individuals from each colony became more
similar. The acceptance rates of foreignworkers, however, declined
after a few weeks, showing that the cuticle substances were being
constantly renewed (D’Ettorre et al. 2006). It was concluded from
these studies of honeybees that different sources of colony odour
can be absorbed and redistributed through the wax, resulting in
a single homogenous odour for the whole nest (Breed et al. 1995;
D’Ettorre et al. 2006).
A remarkable ﬁnding is that newly emerged honeybee workers
are not rejected from any colony intowhich they are inserted. Breed
et al. (2004) observed that these individuals have low quantities of
lipid substances associated with their cuticle. The authors sug-
gested that the absence of recognition cues is responsible for these
high acceptation rates, and that individuals acquire recognition
cues as they get older (Breed et al. 2004).
In this report, we investigated different possible sources for
nestmate recognition cues in the stingless bee F. varia. To clarify the
relative importance of endogenous and exogenous cues for
discrimination in F. varia, we investigated, ﬁrst, the possibility of
genetically derived cues by analysing acceptance rates in foreign
nests of newly emerged individuals. We also tested food sources and
nest material (cerumen) as possible exogenous sources of colony
odour. Cerumen is a dark viscousmaterial made from gathered plant
resins and wax produced by stingless bee workers (Michener 2000).
METHODS
Rearing Conditions
Ten colonies of F. varia were housed in wooden boxes
(35  24 7 cm) covered by glass sheets. The nests were kept inside
the laboratory but connected to the outside of the building by plastic
tubes that allowed the bees to forage freely. The number of individ-
uals in each colony varied from about 1000 to 1500. The colonies
were kept at room temperature and on a photoperiod of approxi-
mately 12 h.
Each experiment consisted of a behavioural test and a chemical
analysis of workers in these colonies.
Behavioural Recognition Tests
An experimental box (4  5  10 cm) was attached between the
nest and the entrance to the nest by plastic tubes. The experimental
box was also covered by a glass sheet, which allowed an observer to
watch the interactions of the bees inside the box. A small intro-
duction tube (3 cm height  1 cm diameter) was inserted into the
side of the experimental box to allow introduction of experimental
bees into the experimental box with minimal disturbance to theresident bees. The introduction tube was opened to the interior of
the experimental box and sealed at the other exit by a removable
cork.
Individuals used for the tests were placed singly in small glass
vials (3.5 cm height 2.0 cm diameter). To decrease the agitation of
the collected bee, the glass vials were kept in ice for about 2 min. The
bee was then removed from the vial and introduced into the exper-
imental box through the introduction tube. Interactions between the
introduced individual and the residentswere recorded for 5 minafter
the introduction. Aggressive displays, such as biting of wings or legs,
immobilization, and resin deposition were considered as rejection,
while absence of aggressive behaviour and entrance of the individual
into the main colony box was considered acceptance. Only one
individual was introduced per test, a 15 min interval was allowed
between introductions, and each collected individualwas tested only
once.
The experiments followed the guidelines for animal care licensed
by the Brazilian environment and renewable natural resources
institute (IBAMA license number: 15200-1).
Acceptance and Rejection of Newly Emerged Individuals
Four colonies of F. varia, taken in pairs, were used for this test.
The ﬁrst colony of each pair provided newly emerged and old
individuals to be tested, according to the behavioural recognition
test described above. We tested recognition and acceptance of each
individual in its own colony and also in the second colony of the
pair. We tested 30 individuals (15 newly emerged, 15 old workers)
in each pair of colonies.
Acceptance and Rejection of Nestmates in Contact with
Foreign Nest Material
Four colonies of bees, divided into two pairs, were used for this
test. Old workers (i.e. bees with darkly pigmented scutellum) were
removed from one colony of the pair and individually placed in
small vials (3.5 cm height  2.0 cm diameter) containing cerumen
from supporting pillars of their own nest (ca. 2.0 cm  5.0 mm) or
from the other nest. These bees were kept in the vial with the
cerumen for either 10 or 20 min. The bees were then placed back in
the experimental box of their own colony. We then noted the
response of other bees to the introduced individual, as described
above. We tested 30 bees from each experimental group.
Response to Non-nestmates in Food Convergence Tests
We used six colonies of F. varia, divided into three pairs, in
which the ﬁrst colony in each pair acted as donor and the second
colony in each pair acted as receiver. For each experimental
session, we removed one old worker from each donor colony and
introduced it into the experimental box of the receiver colony. We
then observed workers’ responses to the introduced bee. This was
repeated with nine different workers from each nest. All 18 indi-
viduals of each pair were tested in a single day, with further pairs
being tested on subsequent days. After this ﬁrst session, colony
entrances were closed to prevent workers from foraging. All food
stored in the colony was removed and all colonies were fed the
same artiﬁcial diet. The diet consisted of aqueous sugar solution
(25% w/w) and fermented honeybee pollen ad libitum. The
recognition sessions were repeated once per week for 4 consec-
utive weeks. Thereafter the colonies were reopened to the envi-
ronment, allowing workers freedom to forage. After 2 months, we
repeated the manipulation. In the second period of experiments,
the colonies that had acted as donor in the ﬁrst experiments
became receivers and vice versa.
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Figure 1. (a) Rejection rates of newly emerged stingless bee workers (white bars) and
old workers (grey bars) in their own or alien colonies. (b) Rejection rates of nestmates
after 10 min (white bars) and 20 min (grey bars) of contact with their own or an alien
nest cerumen.
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Individual worker bees of F. varia were collected in small glass
vials and killed by freezing. The last pairs of legs were cut off
before chemical extraction, since workers of F. varia usually carry
a considerable amount of plant resins in the corbiculae of their
last pair of legs (Nogueira-Neto 1997). The cuticle lipids were
extracted by immersion of the whole body in hexane (0.5 ml) for
1 min. Extracts (1 ml) were analysed in a gas chromatograph
directly coupled to a mass spectrometer (SHIMADZU, model
GCMS-QP2010), equipped with a DB-5MS chromatography
column, using helium as the carrier gas. The column was initially
set at 150 C for 3 min, then programmed at a rate of 3 C/min to
280 C, and then held at 280 C for 15 min. The carrier gas was
helium at a ﬂow rate of 1 ml/min. The injection mode was split-
less and the injection temperature was 250 C. Separated
compounds were identiﬁed from their mass spectra, using the
software programme GCMS solutions for Windows (Shimadzu
Corporation).
The compounds identiﬁed from their mass spectra were
compared between experimental groups by multivariate statistical
analyses. Principal component analysis was used to deﬁne the main
peaks to be compared. Discriminant stepwise analysis was used to
contrast the chemical composition of different experimental groups.
Peaks occurring in fewer than half of individuals were excluded from
the statistical analyses. Any peaks shown by principal component
analysis to be responsible for a contribution of less than 5% for the
ﬁrst two extracted factors were not used for the discriminant anal-
ysis. Remaining peaks chosen for discriminant analyses had their
relative concentration readjusted to 100%. To avoid complications in
analysing compositional data, the peakswere transformed according
to the formula: Z¼ ln(Ap/g(Ap)), inwhich Ap is the peak area, g(Ap) is
the geometric mean of the peak in each worker’s group and Z is the
transformed peak area (Aitchison 1986).
Newly Emerged Individuals Exchanged Between Colonies
Ten newly emerged individuals from four different colonies
were used for the chemical comparison of cuticular lipids. Newly
emerged individuals were identiﬁed by their light scutelum colour
and by their nest activities. The collected individuals were ana-
lysed according to the GC-MS analytical procedure described
above.
Changes in Cuticular Label after Contact with
Foreign Nest Materials
Forty old workers were removed from one experimental
colony and individually placed in vials (3.5 cm height  2.0 cm
diameter) that contained cerumen from their own colony
(20 workers) or cerumen from a second colony (20 workers). Ten
individuals were kept in the vials for 10 min while another 10
were kept in the vials for 20 min. The bees were killed by freezing
and their cuticular hydrocarbons were analysed as described
above.
Analysis of Cuticular Hydrocarbons after Food Convergence Test
For this analysis, we used the same procedure as that described
for the behavioural tests. Ten individuals from one of the three pairs
of colonies were collected for each experimental session. Samples
were taken before removing the colony food and in each of 4
subsequent weeks when colonies received the same artiﬁcial diet.
The cuticular hydrocarbons were analysed according to the general
method above.RESULTS
Newly Emerged Workers
When introduced into their own colony, there was no statistical
difference between rejection rates of newly emerged (10%) and old
nestmate (20%) workers (c12 ¼ 1.18, N ¼ 60, P ¼ 0.27). For non-
nestmates, newly emerged workers received a signiﬁcantly lower
rate of rejection than old individuals (10% versus 87%: c12 ¼ 38.40,
N ¼ 60, P < 0.001; Fig. 1a). Old non-nestmates were rejected at
higher rates than old nestmates (20% versus 87%: c12 ¼ 29.70,
N ¼ 60, P < 0.001).
Chemical analysis of the cuticle of newly emerged individuals
revealed four main compounds: tricosane, pentacosane, heptaco-
sane and nonacosane. Because few compounds were found on
newly emerged individuals, the principal component analysis was
not applied. The stepwise discriminant analysis separated newly
emerged bees according to their colony of origin (global model:
Wilks’ l ¼ 0.463, F9,82 ¼ 3.42, P < 0.01; Fig. 2). By this test, 72.5% of
the individuals were correctly classiﬁed to their predicted group.
Effect of Nest Material
Ten minutes of contact with alien cerumen did not signiﬁcantly
affect rejection rates of worker bees (own cerumen: 18%; alien
cerumen: 33%; c12 ¼ 3.52, N ¼ 120, P ¼ 0.06). However, 20 min of
contact with alien cerumen signiﬁcantly increased rejection rates
of workers (own cerumen: 27%; alien cerumen: 72%; c12 ¼ 24.31,
N ¼ 120, P < 0.001; Fig.1b). Rejection rates of workers that received
their own colony cerumen did not differ signiﬁcantly between
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Figure 2. Plot of the ﬁrst two functions of the discriminant analysis of chemical cuticle
compounds of newly emerged stingless bee workers from four different nests.
Table 1
Global model of discriminant analysis applied to relative concentrations of cuticle
chemical compounds of individual stingless bees from two colonies after feeding on
their own colony diet and after feeding on an artiﬁcial homogenous diet for 4 weeks
Wilks’ l F df P
Own diet 0.00472 90.329 7, 3 <0.01
Homogenous diet
1st week 0.16573 12.584 4, 10 <0.001
2nd week 0.01471 223.29 3, 10 <0.001
3rd week 0.01336 196.89 3, 8 <0.001
4th week 0.00071 702.77 6, 3 <0.001
T.M. Nunes et al. / Animal Behaviour 81 (2011) 463e467466exposure times (18% versus 27%: c12 ¼ 1.19, N ¼ 120, P ¼ 0.27).
However, rejection of workers exposed to alien cerumen increased
with time of exposure (33% versus 72%: c12 ¼ 17.68, N ¼ 120,
P < 0.001).
After 10 min of contact with the cerumen, the sum of the ﬁrst
three factors extractedbyprincipal component analysis, applied to all
26 peaks described by the GC-MS analysis, explained 92.91% of the
total variation. The discriminant analysis showed that the hydro-
carbon compositionof bees exposed to their owncolonycerumendid
not differ statistically fromthatof bees exposed to alien nest cerumen
(global model: Wilks’ l ¼ 0.26, F1,10¼ 2.77, P¼ 0.14). Of the analysed
individuals, 76.4% were correctly classiﬁed to their predicted group.
After 20min of contact, the sum of the ﬁrst three factors of principal
component analysis explained 91.48% of all described variation. The
discriminant analysis pointed to a statistically signiﬁcant difference
in cuticle composition between individuals exposed to the original
colony cerumen and individuals exposed to alien colony cerumen
(global model: Wilks’ l¼ 0.447, F1,10 ¼ 12.33, P< 0.01). The matrix
classiﬁcation indicated 73.68% of correct sorting of individuals into
their predicted group.
Food Tests
Behaviour in the food convergence tests showed mean  SD
rejection rates of 14.81  6.83% for nestmates and 94.44  13.36%
for non-nestmates that were fed their own colony’s food. The
subsequent tests showed no variation in rejection rates when
workers were fed a common artiﬁcial diet (ﬁrst week: nestmates
16.67 6.25% versus non-nestmates 96.30  18.47%; second week:
nestmates 14.81  4.68% versus non-nestmates 98.15  1.85%; third
week: nestmates 16.83  4.60% versus non-nestmates 100%; fourth
week: nestmates 7.41  5.49% versus non-nestmates 98.15  1.85%).
In this test, for all the sessions, nestmates differed statistically
from non-nestmates in hydrocarbon composition. The values of the
discriminant analysis are described in Table 1. The mean correct
classiﬁcation of individuals to their colony of origin was 97.52%,
while in a random classiﬁcation for two groups it would be expected
to be 50%.
DISCUSSION
We found that even newly emerged individuals have a hydro-
carbon pattern characteristic of their nest origin. The statistical
analyses applied to the chemical compounds separated theindividuals according to their colonies. However, guards were not
able to discriminate between newly emerged nestmates and non-
nestmates. Newly emerged workers have a very simple hydrocarbon
pattern on their cuticle consisting almost entirely of linear alkanes;
the alkenes and methylalkanes found on young and older workers
were essentially absent. There is some evidence that linear alkanes
are not involved in recognition processes. Dani et al. (2001) found
that recognition in the paper wasp Polistes dominulus depends only
upon alkenes and methylalkanes; linear alkanes take no part in this
species’ recognition process. Dani et al. (2005) similarly showed that
alkanes have no effect on recognition in the honeybee, inwhich only
alkanes and alkenes are found. Breed et al. (2004) found that newly
emerged honeybees also present a less diverse mixture of cuticular
compounds than do older individuals, and when newly emerged
honeybees are introduced into a foreign colony, they are not rejected.
The authors attributed this ﬁnding to a lack of recognition cues in
these bees. It is possible that the simple pattern of linear alkanes
found here gives no clue to recognition.
On the other hand, recognition tests with isolated substances
revealed that pentacosane is a recognition signal in the stingless
bee Trigona fulviventris (Buchwald & Breed 2005). But, it is also
possible that the experimentally tested concentration of pentaco-
sane in that study was higher than that naturally found in T. fulvi-
ventris, which could affect the precision of the test.
Behavioural and chemical analysis with individuals in contact
with nest cerumen clearly showed transference of chemical signals
after brief contact. Although no statistical differences were found
for either behavioural or chemical tests after 10 min of contact,
after 20 min, the rejection rates signiﬁcantly increased for indi-
viduals in contact with alien cerumen. Furthermore, after 20 min of
contact with alien cerumen, chemical analysis of the cuticular
compounds clearly separated the two groups of nestmates. Newly
emerged individuals were probably collected for the analysis more
than 20 min after their emergence. The fact that these individuals
did not present recognition signals even after this period might be
related to speciﬁc characteristics of their cuticle composition
(Thompson & Hepburn 1978; Andersen et al. 1981).
The inﬂuence of nest materials on nestmate recognition behav-
iour has been described in detail for honeybees and paper wasps, but
has remained virtually unknown for stingless bees. Our results for
F. varia are in agreement with honeybee studies. However, for the
Apis genus, behavioural tests describe transference of chemical
recognition cues after only 5 min of contact with alien nest wax
(Breed et al. 1995). In this way, as with the wax for honeybees, the
cerumen could act by unifying the chemical compounds present in
the colony of the stingless bee F. varia, redistributing the compounds
through contact. This would explain the homogeneous odour of each
colony, as evidenced by the high level of correct classiﬁcations of
individuals to predicted groups in our chemical analyses.
Tests of feeding on a common diet showed that diet had no effect
on nestmate recognition behaviour or cuticular label. There are no
reports concerning the inﬂuence of diet on nestmate recognition in
social bees, but bees from a single colony commonly forage on
T.M. Nunes et al. / Animal Behaviour 81 (2011) 463e467 467different plants, making it unlikely that food-derived cues are used in
the recognition process. Liang & Silverman (2000) reported that the
cuticle label of the Argentine ant (L. humile) changes according to the
ingested prey. These authors reported that the ants acquire some of
the cuticular compounds from their food and that those compounds
are important for nestmate recognition. However, the diet of this ant
is composed of other insects, while F. varia feeds only on plant nectar
and pollen. There is also the possibility of the acquisition of the
compounds by contact between the ant and the cuticle of its prey
instead of directly by prey ingestion. Similarly, in leaf-cutting ants,
cuticular compound proﬁles are directly related to the species of
fungus ingested by the ants, and non-nestmates that feed on host
fungus before introduction are more likely to be accepted into the
colony (Richard et al. 2007). In the absence of food-derived cues,
stingless bees appear to use cues derived from nest materials and
cues derived from chemical labels of individuals for nestmate
recognition.
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